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1.0 Introduction

The Freight Network Technology and Operations Plan (FNTOP) is anticipated todomost
comprehensive freight technology planning effort among state Departments of
Transportation (DOTSs) in the U.S. The FNTOP intends to outline potential strategies to guide
technology and operationsrelated investments on the Texas Multimodal Freight Network
(TMEN). The FNTOP includes a review of current and future transportatiorllehges,
opportunities, and the development of user needs informed by focused public and private
sector engagement. The FNTOP is anticipated to be an invaluable resource to help public
agencies and the private sector effectively plan for future deploymerdgfreight

technologies, working in partnership across all modes of freight transportation.

This documeniititied Concept of Operationgdiscusses key information for the Blocked Rail
Crossing Traffic Management Systestrategy, which was one of the stratges identified in

the FNTOP and recommended by stakeholders for advancement to the ConOps phase. The
objective of a ConOps is to describe the operation of the proposed systena nontechnical
and easyto-understand manner. How the system is to be usedd its anticipated benefits

is described from multiple stakeholder viewpoints as a way to provide a bridge between the
needs that motivated the project and the specific technical requirements.

1.1 Project Overview

The primary goal of the FNTOP is to develop@nprehensive plan advising TxDOT on
deploying technology based operational strategies to improve freight transportation safety
and mobility in Texas. The main objectives of this project include:

1 Identify and assess technological and operational strategié®ing used on the TMFN
or could be used in the future to improve safety, mobility, and facilitate economic
competitiveness;

T Identify and assess the Texas Department o
challenges, and opportunities in terms of physical keligent Transportation System
(ITS) hardware (e.qg., traffic detectors, closeircuit television (CCTV) cameras,
dynamic message signs (DMS), connected vehicle (CVs) roadside units, ata)
related infrastructure, digital framework and related infrastiziure, operations,
staffing and expertise, and statewide, corridor, urban, and rural needs and
partnerships;

1 Assess the TMFENOGs current and future techn
as its readiness and adaptability potential associated with thenpacts of existing
and emerging technologies;

1 Develop strategies, policies, programs, and projects to address technological and
operational needs; and



1 Develop an Implementation Plan and a set of Concept of Operations documents, with
each focusedonaneat er m frei ght network technol ogy
concept.

The FNTOP and Concepts of Operations would gu
deployment of innovative multimodal freight transportation technologies, techniques,
research, and methods

1.2 Project Reports

The FNTORP is based on a detailed assessment of current and future needs, challenges,
gaps, and opportunities that inform strategies and a staralone Implementation Plan.
These assessments are compiled in the following technical reports:

1 Goals and Objective®Report Developed goals and objectives for the FNTOP in
alignment with existing and ongoing planning efforts and stakeholder input.

1 State of the Practice Assessment Reporhssessed the state of the practice
regardingfreightrelated groups, policies, and initiatives in Texas, in addition to
existing and emerging domestic and international freight technological and
operational developments.

1 Inventory of Existing Conditions Repoitlentified ITS assets, applications, ah
programs that exist on the TMFN, as well as summarized operational and
management processes related to TxDOT and partner use of technology
infrastructure.

91 Stakeholder Outreach Summary RepoiSummarized discussiongnd feedback
collectedat Texas publiagency meetingsdeeperdive discussions with various
TxDOT Divisiongooperative Automated TransportatiofCAT) meetingPort Authority
Advisory CommitteéPAAC) meeting-NTORegional stakeholdemeetings TxDOT
stakeholder webinar workshop, FNTOP biiieg with private and public sector
stakeholders, as well as the set of onen-one stakeholder interviews conducted.

1 UserNeeds AssessmenReport Identified and assessed the technological and
operational needs of the TMFN based on public and private secttakeholder
feedback, which were combined with initial research efforts to establish a set of
FNTOP User Needs.

7 Strategies and Conceptual Framework RepoR2ocumented FNTORIentified
strategies that are relevant to the goals and objectives of the FNT@®l based on
documented FNTOP User Needs. Identified details of tAlTOP identifiedtrategies,
including how they are prioritized and how they could fit together as part of a larger
conceptual framework that builds upon the existing Texas ITS program.



1 Cacepts of OperationsDeveloped indepth concepts of desired operations and
maintenance requirements for the slENTOP recommendesitrategies selected for
Concept of Operations (ConOps) development.

1 Implementation Plan.dentified nearterm, mediumterm, and longterm actions, in
addition to considerations necessary for the rollout of each of the 10 FNTOP
recommendedstrategies asthey are transitioned from planning to design.

1 Freight Network Technology and Operations Plafill summarize the entire plan
development tasks, as well as incorporate the technical and stakeholder
engagement tasks completed throughout this project in a final plan.

In an effort to keep up with technalgy trends, TxDOT is separately developing its CAT
Strategic Plan. This statewide plan looks at strategies and opportunities for advancing
emerging technologies, such as Connected Vehicles (CVs), Automated Vehicles (AVs), and
electric vehicles (EVs). With number of goals that relate to the TMFN, the plan aims to put
Texas at the forefront of innovation. Although the CAT Strategic Plan is separate from the
FNTOP, it has overlapping goals and objectives that have been used to help inform the
FNT OP 6 s aneidehtibed strategies.

1.3 Stakeholder Engagement

The FNTOP began with research on existing freight initiatives at TXDOT to gain a better
understanding of the current challenges faced by the Texas freight communitixyDOThen
reached out to a diverse grop of stakeholderswith a goalto solicit feedback and opinions

on the current state of freight operations in Texas and the vision for the application of
technology to support future freight operationsChe stakeholder interviews verified and
supported mary of the issues identified by the FNTOP, while also informing the prioritization
of potential strategies to address deficiencies in the system.

This outreach included public sector stakeholders (internal and external to TxD@deral,
state, and loca) and private sector stakeholders. A briefverviewof the FNTORutreach
effort is provided below:

A TxDOT Stakeholder GroupBjiyisionOffices) -- This effort included key personnel from
many TxDODivisions, includingthe Transportation Planning andProgramming Division
Information Technology Division, Traffic Safety Division, Trawébrmation Division, Right
of Way Division, Rail Division, Maintenance Division, Maritime Division, &tchtegic
PlanningDivision.

A Freight Network Technology Region@treachd This effort included discussing the
FNTOP at the TXDOT CAT Meeting, PAAC Meeting, Houston (TranStar) Stakeholder
Meeting, Dallas/Fort Worth Stakeholder Meeting, a dedicated breakout session at the
2019 Texas Mobility Summit in San Antonio, aateholder webinar workshop, and a
FNTOP briefing with private and public sector stakeholders. At each meeting or session,
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moderators collected feedback regarding challenges and opportunities associated with
technologybased operational strategies to impra freight transportation safety and
mobility in Texas.

A Public/Private Sector Stakeholder Outreach This effort consised of one-on-one phone
and inperson interviews(total of 58) with stakeholder representatives in multiple freight
modes, freight compares, railroads, original equipment manufacturers (OEMS),
startups, industry groups, telecommunications companies, research institutes, MPOs,
cities, federal government, and othersA breakdown by type of stakeholder, based on
the 58 interviews,is shown inExhibit1.

Exhibit1: Distribution of Stakeholder Types for Public/Private Sector
Outreach

Types of Stakeholders Interviewed

City Government
OEMs/StartUps 4h ;;r e Law Enforcement
12% Rt 2% :

Transportation Data Research Institute 3

Providers & Yo% |
5% 4 s

Railroads
4% |

Maritime Ports
10%

Industry Group
12%

Corporation with %
Internal Logistics
Service
5% Federal/State Agency
7%

Trucking Companies Metropolitan Planning
14% Border Crossing Organization (MPO)

3% 9%

1.4 Texas Multimodal Freight Network

The TMFN consists of the statefds freight asse
| argest volumes of freight and that serve the
2018 TFMR, these assets cover:

A Highways Highways are the predominant mode for freight movement within the state,
providing first and last mile connections to rail facilitiesnaritime ports, airports, and
pipelines, as well as serving long haul trips destined throughout the state and beyond.
Texas has over 313,000 miles of public roadwayd making it the state with the most
extensive highway network. 21,861 miles are on the THFN, with 745 miles designated as

1 Texas Department of Transportatiorf,exas Freight Mobility Plan 2018March 7, 2018.
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Critical Rural Freight Corridors and another 372 miles designated as Critical Urban
Freight Corridors. In 2016, trucks accounted for 54 percent of total tonnage moved in
Texas. Intrastate trucking tonnage is anticipated to grow significantly as more residents,
businesses, and freight locate within the state.

A Railroads With 10,539 track miles (all on the TMFN), Texas has more miles of rail and
more railroad employees than any other state. Texas contains five of the seven rail
crossings between the U.S. and Mexico, providing critical connections for trade between
t he t wo ¢ oun thoriliresailroadseserve asdirstdrdastsnile railroads for

Texasd three Class | railroads (BNSF Rail way
and Union Paci fmaitmBaod roadand Teaxmaywdwed t he st
industries.

A Ports andWaterways Texas handles the second highest volume of total maritime
tonnage of any state in the nation with 2Inaritime ports and the Gulf Intracoastal
Waterway (GIWW) system and is the leading state for international maritime tonnage.
Maritime port and waterway access are necessary to attract and support many
businesses, including the petrochemical sect
industries. Nine of Texasd6 12 ddrafppartsarer port
included on the TMFN. Texad -Bile portion of the GIWW, referred to as Marine
Highway 69 (M69), is also a part of the TMFN. M9 handles twothirds of the
waterwayods traffic, moving approxi mately 86

A Airports In 2016, six of the top 50 cago airports in the U.S. (in terms of landed weight)
were | ocated in Texas. Out of Texasd6 24 comn
TMFN. Air cargo tonnage is expected to grow at a higher rate than any other mode due to
market changes such as the iorease in ecommerce and the associated expectations
for one- or two-day shipping.

A Pipelines Texas has the most extensive pipeline network in the nation, with 426,000
total miles (59 percent intrastate and 41 percent interstate), carrying 826.6 million s
of cargo in 2016.

71 InternationalBorder Crossings Texas®6 20 commercial internat
also all on the TMFN. Of those, 15 are commercial vehicle crossings, and the other five
are rail crossings.

Exhibit2 provides an overview of the assets designated as a part of the TM&Namely key
roadways, railroads, maritime ports and waterways, airports, and internatidtharder
crossings.Exhibit3 maps out where these assets are located in Texas. The TMFN is
important because it identifies the key corridors that facilitate the effient and safe
movement of goods in Texas and are the most critical for focused investment.



Exhibit2: Overview of Texas Multimodal Freight Network Assets

>

313,000 roadway centerline miles

| 21,861 miles on the Texas Highway Freight Network

745 miles of Critical Rural Freight Corridor
372 miles of Critical Urban Freight Corridor

10,539 nites of railroads on the TMFN

3 Class | railroads
49 Class lll or shortline railroads

21 ports and the Gulf Intracoastal
Waterway system
| 12 deepwater ports
| 9 included on TMFN
| 9 shallow draft ports
| 1 included on TMFN

| 879 miles of GIWW, all on TMFN

24 commercial airporis
| 7 air cargo airports on TMFN

426,000 miles of pipeline

99% intrastate
41% interstate

77277 ) 20 commercial international border crossings,

all on the TMFN
15 commercial vehicle crossings
S rail crossings

Source: Texas Department of Transportation, Texas Freight Mobility Plah®6 Executive Summary, March 7, 2018.
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Exhibit3: The Texas Multimodal Freight Network

The Texas Multimodal Freight Network
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Source: Texas Department of Transportation, Texas Freight Mobility Plan 261Bxecutive Summary, March 7, 2018.

The 2018 TFMP identified eight goals and associated objectives that help inform and
articulate TxDOTO6s freight investment priorit
and identify the desired future performance of the TMFIExhibit4 summarizes these goals,



some of which will be utilized later in this document to identify deficiencies in the existing
system and justify deployment of th&entified strategy.

Exhibit4: 2018 TFMP Goals

Safety Improve multimodal transportation safety

Sl lale] ISl EINNERERE Improve the contribution of the Texas freight
transportation system to economicompetitiveness,
productivity and development

Asset Preservation and Maintain and preserve infrastructure

Utilization assets using costbeneficial treatments

Mobility & Reliability Reduce congestion and improve system efficiency
and performance

Multimodal Connectivity Provide transportation choices and improve system
connectivity for all freight modes

Stewardship Manage environmental and TxDOT resources
responsibly and be accountable in decisiemaking

Customer Service Understand andincorporate citizen feedback in

decisiorrmaking processes and be transparent in all
TXDOT communications

Sustainable Funding Identify sustainable funding sources for all freight
transportation modes

Source: Texas Department of Transportation, Texas Fheilylobility Plan 2018

1.5 Summary of Existing Conditions and User Needs

The FNTOP reviewed the existing ITS program in Texas, which represents the vast majority of
T x D OT étime traficarianagement applications that serve roadway user needs, including
freight. TXDOT utilizes Traffic Management Centers (TMC) as one of the key tools to operate
and manage its road network. TXxDOT is a participant in several advanced mobility initiatives,
including an Integrated Corridor Management (ICM) program, a freight sigordrity project,

and several Connected Vehicle initiatives; that said, the vast majority of the ITS and traffic
management program resides in major metropolitan areas, with limited coverage or
response capabilities in rural areas. Relevant ITS programstihe context of this strategy are
discussed later in Sectior2.2.1.4. Further details on these programs and others can be

found in the FNTOP State of the PractidesessmentReport andFNTORnventory of

Existing Conditions Report.

User Needs for the FNTOP were informed by tReTORGoals and Objectives, thENTOP

State of the PracticeAssessment Reportthe FNTORnventory of Existing ConditionReport,
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and input from stakeholders. Relevant user needs that apply to this ConOps are presented
in Section2.5 to aid with traceability of features described later in the document. Allflist
of FNTOP User Needs can be found as part of the FNTOP User Needs Assessment Report.

1.6 Summary of Strategies and Conceptual Framework Report

The FNTOP developed a series of technological strategies for improving freight operations in
Texas. The stratgies developed as part of the FNTOP consider the range of existing and
emerging solutions available, based on traceability of the solutions to identified user needs
prepared as part of theFNTORJser Needs AssessmeniExhibit5 summarizes the potential
strategies proposed to guide technologynd operationsrelated investments on the TMFN.
Based on internal discussion and coordination with TXDOT, 10 of the 12 FNTOP strategies
were advanced based on favorable feedback regardingect relevance/importance to

freight needs, uniqueness as a standalone strategy, and value as an application. The two
strategies not advanced represented an infrastructure solution (Fiber Optic Expansion) and
a strategy deemed to be too similar to anothestrategy (Freight Integrated Corridor
Management).

Key public and private stakeholders were engaged to obtain feedback on the 10 strategies,
including suggested refinements, and priorities. Through outreach efforts, stakeholders were
asked to rank theidentified strategies based on the following questions:

1 Does the strategy add value to the Texas Multimodal Freight Network?

1 Is the strategy likely to succeed in Texas?

A total of six strategies were recommended to advance to Concept of Operations
development. There was consistent agreement among TxDOT dadtiakeholders that

these strategies had high scores for adding value to the TMFN and were likely to succeed in
Texas. The other strategies developed as part of this effort were either underway as part of a
separate effort or deferred due to another TxDGOxitiative. Exhibit5 reflects the final
recommendations for each strategy.




Exhibit5: Summary of Proposed FNTOP Strategies

Truck Parking Availability System Underway

HighResolution Freight Traveler Information Advanced to Concept of Operations

System

Centyah;ed Data Repository for Freight Deferrec®
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lIncluded in other TXDOT ongoing initiatives

2Better fulfills goals and objectives of other TxDOT initiatives
3Not advanced due to similarities with Smart Freight Connector strategy

4Not advanced due to being ainfrastructurefocused commaodity instead of a technological or operational
application.

An overall technology framework was developed to demonstrate how the proposed FNTOP
strategies could work together as an integrated statewide system. The framework helps
illustrate the relationships between the FNTOP strategies and any overlapping oppaties
that might allow for easier deployment. All strategies have the potential to be implemented
together in functional groups or as standlone systems.

Exhibit6 shows the relationship among integrated services and strategies.




Exhibit6: Potential Integrated Services and Strategies
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1.7 Purpose of the Concept of Operations Document

The development of a ConOps document is the next critical step necessary for each of the
six strategies selected for advancement to create implementablelsitions as part of the
FNTOP. The objective of a ConOps is to describe the operation of the proposed system in a
non-technical and easyto-understand manner. How the system is to be used and its
anticipated benefits is described from multiple stakeholderiewpoints as a way to provide a
bridge between the needs that motivated the project and the specific technical
requirements. Each required functionality must be traceable back to documented user
needs prepared as part of theENTORJser Needs Assessment tensure that the ITS project
addresses reaiworld issues. The ConOps document is used to collect feedback from the
system users and other stakeholders and to validate key assumptions built into the system
concept (e.g., who is responsible for what). By liling support, gathering feedback, and
refining the proposed concept, the ConOps document serves as a hig¥el guide for
subsequent design efforts (e.g. System Requirements, Higével Design, Detailed Design).
It helps advance the strategy into these sasequent phases by reducing the risk of the
strategy failing or being delayed due to a lack of agreement or understanding of the
proposed concept.

The establishment of priorities informed TxDO
advanced to a ConOpslhe development of FNTOP strategies, from proposal to ConOps, is
outlined in Exhibit7.

Exhibit7: Formulation of Strategies from Proposal toifal Texas
Freight Network Technology and Operations Plan

Conceptual
Framework of
Recommended
Strategies

Texas Freight

Development of |§ Prioritization of Network

Recommended Recommended Implementation

Strategies Strategies

Plan

Technology and
Operations Plan

Projects that engineer systendwhether the project is a simple ITS deployment or a complex
commercial airlinefifollow what is called the Systems Engineering Process. This process
identifies and outlines procedural steps of how the system is incrementallgwkloped, how

the system is incrementally validated by stakeholders, and how the system is to be




measured and accepted. Zshosn ioEXhbit8Die asveslalzgtiome nt Mo
of one such process. This model was developed based on Systems Engineering industry
standards and is part of U.S. Department of T

projects. The development processes outlined the model help transportation agencies use
common, consistent, and weléstablished systems engineering tools and processes to:

Improve the quality of Intelligent Transportation Systems;

Reduce the risk of cost and schedule overruns;

Gain wide stakehaller participation;

Maintain, operate, and evolve the Intelligent Transportation System;

Maintain consistency with the regional and state ITS architectures;

= =2 4 -4 A -

Provide flexibility in procurement options for the agencies; and

1 Keep current with the rapid evolutin of technology.

Exhibit8: Systems Engineering ¥iodel
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it (o e
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~——— \
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Operations Validation
T, System Verification Plan S
2 System \ . _(SystemAcceptance) ystem :
Subsystem §
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B\ || High-Level \(Sybsystem Accepiance) ‘Sypsystem f /5
A Design Verification
D\ T Unit/ Device
3 Detailed ' TestPlan UnitDevice
%9 Design Testing
| T ——
Software / Hardware Document/Approval
Development
Field Installation
Implementation
Time Line Development Processes

Source: Federal Highway Administration California Division and Caltrans, Systems Engineering Guidebook for ITS Versiorb3ieWe

Development of the ConOps document ifé first major step of the Decomposition and
Definition phase of theV-Model, where ITS project concepts become more defined. It helps
establish the simple expectations of the system so that stakeholders can understand what
the project intends to do and uderstand how it will be later validated when complete.

2 Federal Highway Administration California Division and Caltrans, Systems Engineering Guidebook for ITS Version 3.0
Website
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1.8 Blocked Rail Crossing Traffic Management Syste@verview

This ConOps is focused on a Blocked Rail Crossing Traffic Management System, which was
one of the strategies identified in the FNTOP and recomnued by stakeholders for
advancement to the ConOps phase. At a high level, the Blocked Rail Crossing Traffic
Management Systenwould be a notification system that alerts truckers and other road

users of situations when anighwayrail at-grade crossing hasbeen occupiedfor an extended
period of time. The goals of this system would be to help improve freight mobility by reducing
gueue delays due to extended blockages, as well as improve safety by reducing bafek

gueue crashes and other consequential incides.

Exhibit9 provides an illustrative example of the Blocked Rail Crossing Traffic Management
System strategy that was previously discussed in the FNT&Rategies andConceptual
Framework Report

Exhibit9: Illustrative Example of Blocked Rail Crossing Traffic
Management System Strategy

Detection identifies
presence of train

Beacons activate
to warn drivers of
blocked crossing

@

Trucks use alternate
route to bypass
blocked crossing

Key objectivesicollected through stakeholder outreach and other FNT@Hortsfiidentified
to frame what this system shall ultimately do include
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A Improve freight mobility in and around locations that are blocked by stopped or slow
moving trains for an extended period of time;

A Reduce secondary incidents caused by queuing pyoviding alternatives to waiting in
the queue;

A Provide realtime notifications of potential delays so that freight, emergency vehicles,
and other road users can divert onto an alternative route;

A Improve interagency coordination and overall traffic managemt at the local levej
A lncrease TMCsd situational awareness as the

A Provide historical and reatime data (e.g. blocked crossing duration) for better traffic
operations and managementas well as responding to citizen complais regarding
crossing blockages.

1.9 Organization of the Report

This document is one of the deliverables as defined under Task 2.6: Develop Concept of
Operations from the scope of work for Cambrid
160058.006 named Texas Feight Network Technology and Operations Plan. The scope of

work document is TXDOT Work Authorization No. 6, Contract Ne6HDP5011. This ConOps

covers the topic areas outlined in ANSI/AIA&043 and IEEE Standard 1362, as

recommended by the FHWA for @@ps development.

The remainder of this document is organized into the following sections:

A Section 28 The Current Situation in Texa§ his section describes current systems and
technologies utilized by stakeholders and how each is being used, deficierscid# the
existing systems, desired changes to the systems and priorities, and assumptions and
challenges.

A Section 38 Concept for the Proposedlocked Rail Crossing Traffic Management
System This section contains a description of the desired system andyhilevel
requirements, how it will address the concerns outlined in Section 2, how it will operate,
and how users will interface with the system.

A Section 48 Benefits, Impacts, and Alternatives of thBlocked Rail Crossing Traffic
ManagementSystem This fction describes the expected operational and
organizational benefits and impacts of the essential features of the new system, the
potential impacts during development, disadvantages and limitations of the proposed
system, and alternatives and tradeoffs awsidered while developing the system concept.

3 ANSI refers to the American National Standards Institute, AIAA refers to the American Institute of Aeronautics and
Astronautics, ad IEEE refers to the Institute of Electrical and Electronics Engineer. All three are standaettng
organizations.
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A Section 538 Operational ScenariosThis section identifies potential realvorld situations
for the system. Each scenario describes how stakeholders respond to and benefit from
the implementation and operation bthe new system.

A Section 68 Next Steps This section outlines the next steps of the Texas FNTOP following
the development of the Concept of Operations documents, including the néam
development of the Implementation Plan.

A Section 78 References Thissection lists all references used in the creation of this
document.




2.0 The Current Situationin Texas

The purpose of this section is to highlight the current situation in Texas, including the
existing systems currently in operation, and the deficiencies that are present. It later
discusses the user classes that could apply to this ConOps document and tlseftNeeds
that support motivations to pursue a nevidlocked Rail Crossing Traffic Management
System

2.1 Description of the Current Situation

With 10,539 track miles (all on the TMFN), Texas has more miles of rail and more railroad
employees than any other sta. Exhibit10 shows all rail lines in Texas. Texas contains five
of the seven rail crossings between the U.S. and Mexico, providing critical connections for

trade between t he two countri es. Texasd 49 shortlin
railroads for Texasd three Class | rail roads
Company, and Union Pacific Railroastryed Texasd
industries.

The Federal Railroad Administration (FRA) maintains the national High#Rayl Crossing
Database. Railroad companies are required to provide data on train volumes and
approximate speeddor each crossing This resource is used by TxDOT to halientify
problematic rail crossings. Updated monthly, the dataset contains information on rail
crossings throughout the U.S. There are currently 16,213 active railroad crossings in Texas,
as shown inExhibit11, operated by a variety of rail carriers. Approximately 9,5@3 the
crossingsare public atgrade crossings. The remaining are private crossings where the
roadway is owned by a private entity. Some of tihailroads are larger, national operators,
such as Union Pacific Railroad and BSNF Railway, and others are local freight or transit
operators, such as Dart Trucking and Dallas, Garland & Northeastern Railroad (DGNO).
Currently,550 of the traffic signalsmanaged by TxDOreceive railroad signal preemption
(see Section2.2.1.3 for more information).




Exhibit10: State Railroad Map

Source:TxDOT, State Railroad Map 2016.



































































































































































































https://www.fhwa.dot.gov/cadiv/segb/
http://ftp.dot.state.tx.us/pub/txdot/move-texas-freight/studies/freight-mobility/2018/plan.pdf
http://ftp.dot.state.tx.us/pub/txdot/move-texas-freight/studies/freight-mobility/2018/plan.pdf
https://ftp.dot.state.tx.us/pub/txdot-info/rail/texas-rail-plan-2019-draft-chapters.pdf
https://www.aar.org/wp-content/uploads/2020/01/AAR-PTC-Fact-Sheet-2020.pdf
https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Grade%20Crossing%20Business%20Plan.pdf
https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Grade%20Crossing%20Business%20Plan.pdf
https://safety.fhwa.dot.gov/intersection/other_topics/fhwasa09027/resources/Design%20Guidelines%20for%20At-Grade%20Intersections.pdf
https://safety.fhwa.dot.gov/intersection/other_topics/fhwasa09027/resources/Design%20Guidelines%20for%20At-Grade%20Intersections.pdf
http://ftp.dot.state.tx.us/pub/txdot-info/tpp/maps/2016-railroad.pdf
https://www.txdot.gov/inside-txdot/division/rail/faq.html
https://www.txdot.gov/inside-txdot/division/rail/faq.html



https://www.nirpc.org/wp-content/uploads/2020/01/Rail-crossing-issues-3-19.pdf
https://www.nirpc.org/wp-content/uploads/2020/01/Rail-crossing-issues-3-19.pdf
https://www.cmap.illinois.gov/mobility/explore#/topic/freight/crossing-delay
https://www.transportation.gov/government-affairs/testimony/tracking-toward-zero-improving-grade-crossing-safety-and-addressing
https://www.transportation.gov/government-affairs/testimony/tracking-toward-zero-improving-grade-crossing-safety-and-addressing
https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Grade%20Crossing%20Business%20Plan.pdf
https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Grade%20Crossing%20Business%20Plan.pdf
https://safetydata.fra.dot.gov/OfficeofSafety/publicsite/Query/gxrtmap.aspx
https://www.oksolar.com/lion/Item/104077/solar-powered-railroad-crossing-signal
https://www.aar.org/wp-content/uploads/2020/08/AAR-PTC-Fact-Sheet.pdf
https://www.aar.org/wp-content/uploads/2020/08/AAR-PTC-Fact-Sheet.pdf
https://www.bnsf.com/ship-with-bnsf/support-services/bnsf-com-tools.html#subtabs-3
https://www.up.com/customers/all/api-developer/index.htm
https://www.sugarlandtx.gov/1134/Railroad-Monitoring-Systems

